Objectives: The aim of this study was to evaluate the histopathological and immunohistochemical alterations induced by detrusor instability in the bladder of rabbits submitted to partial bladder outlet obstruction.
INTRODUCTION
Detrusor instability is a common phenomenon in urological practice that may be seen in men with bladder outlet obstruction (BOO) (1) and in women with urge incontinence, causing psychosocial and sexual problems (2) .
Experimental model of partial bladder outlet obstruction in pigs (3) and rats (4) showed structural and functional detrusor changes quite similar to those caused by voiding dysfunction in human. In rabbits, morphologic changes often associated with BOO include progressive denervation and hypertrophy of the bladder wall (5, 6) .
Physiological changes that occur in the bladder in response to obstruction, which may lead to disorders in function including detrusor instability, are poorly understood. Thus, there is a need for a suitable animal model that mimics the response of the bladder detrusor instability, for further understanding of BOO.
Our objective was to evaluate the histopathological and immunohistochemical changes in bladder using an experimental model of detrusor instability in rabbits with partial bladder outlet obstruction (PBOO).
MATERIALS AND METHODS
Thirty-five male Norfolk rabbits weighing between 1.700g and 2.820g (average 2.140 ± 200) were randomly divided into 2 groups. Group 1 (G1, n = 15) served as clinical control with no surgical intervention. The remaining 20 animals were submitted to laparotomy, and an adjustable polyethylene bracelet was placed around the bladder neck without compression of the urethra, previously catheterized with a 10F catheter, as previously described (7) . From this group, only 15 rabbits developed detrusor instability verified by cystometric studies one week after surgical intervention. Since the objective of this trial was to investigate vesical alterations in animals with detrusor instability due to partial bladder obstruction, the 5 rabbits that did not show involuntary contraction of the bladder were not included in the trial. Therefore, group 2 (G2) consisted of the 15 animals with detrusor instability.
Urine culture, serum creatinine and cystometric evaluation were performed in all animals at different moments: one week after surgical procedure (M1) and 4 weeks after surgery (M2). Animals with positive urine culture at M1 were treated with 1 mg/Kg/day of intramuscular trimethropim.
The cystometric evaluation was performed using the Urobyte TM 5000 computed urodynamics system. To measure intravesical pressure a 10F Foley catheter was used and to measure intraabdominal pressure, a catheter with a rectal balloon was used (8) . During this exam, the vigil animals were placed in wooden cages, with posterior extremities held by cotton strings. After antisepsis of the penile area with topic povidone and lubrication with 2% xylocaine TM jelly, a 10F double-way Foley catheter was introduced into the bladder with vesical emptying, and urine was drawn in a sterile tube for urine culture.
After lubricating the rectal balloon with 2% Xylocaine TM jelly, it was introduced 2 cm beyond the anal margin and connected to a 2-way tap, injecting 0.4 mL of sterile water in one of the ways in order to the balloon wall and the rectal mucosa came into contact. The other way connected to the pressure transmitter. The vesical catheter was connected to a 2-way tap, and one of the ways was connected to the pressure transmitter and the other to a continuous infusion pump (2 mL/min). To verify the good placement of the catheters a slight compression of the abdomen was made in order to obtain an abdominal pressure curve, which was transmitted to the bladder, and, consequently obtaining the vesical curve.
The cystometry was initiated proceeding to the simultaneous measurements of the abdominal and vesical pressures. When urinary leakage around the vesical catheter was observed, the exam was discontinued. At that moment, we verified the vesical pressure (VP) and the abdominal pressure, also measured in the beginning of the urinary leakage (VP-AbdP) expressing maximal detrusor pressure (DeiP). Maximal bladder capacity was considered the one, which attained a filling volume enough to yield bladder contractions. At M2, after the cystometric evaluation, blood and urine collection all animals were euthanised and their bladders collected and weighed using a laboratory micro scale. Samples from the bladder were fixed in formaldehyde for 24 hours. Then they followed the protocol of the automated inclusion processor Leica TP-1020, where they were dehydrated in 100% ethanol, followed by clarification in xylol. The samples then were embedded in liquid paraffin using the automated inclusion system EG: 1160 Leica. The blocks were sectioned (4 microns) and stained Hematoxylin and Eosin for histopathological studies. To investigate the occurrence of hyperplasia, immunohistochemistry was carried out using KI 67 (primary antibody diluted in PBS 1:100, Dako, Carpinteria, CA, USA), BA2000 and Pk6100 (secondary antibodies diluted in PBS 1:200, Dako, Carpinteria, CA, USA).
For the different groups, the Mac Neman test was used in the study of the combination of urine culture and uninhibited contractions in the beginning and the end of the evaluation. Comparison of the groups' mean profile along both moments of evaluation was performed through the analysis of repeated measures, considering both groups independently. For the histological and immunohistochemical analysis, the Goodman test was used.
RESULTS
Four weeks after surgery, bladder weight in G2 was 2.5 times heavier than G1 (p < 0.05). Partial outlet obstruction was also responsible for an increase in bladder infection. Urine samples collected at M2 showed that 93% of G2 had positive urine cultures compared to 13% in the G1 group (p < 0.001).
The cystometric studies showed that detrusor instability was observed in all G2 animals (Figure-1) . In G2, maximum cystometric capacity (Volmax) was higher (p < 0.05) at M2 if compared to M1 (Table-1) . Maximum detrusor pressure and bladder compliance showed no statistical difference between M1 and M2 in both groups (Table-1) .
The histopathological analysis showed that animals in G1 had normal epithelium at the end of the trial. However, animals in G2 underwent histological changes (Table-2 
COMMENTS
Increase in bladder weight is predominant in vesical obstruction models (9, 10) . In this experiment, after 4 weeks of PBOO, bladder weight in G2 animals was 2.5 times that of controls. The increase in bladder weight is explained in part by the hypertrophy of the detrusor muscle, found in 98% of the G2 animals. This is in line with previous studies using a Table 1 rabbit model of BOO (11) . Indeed, the hypertrophy of smooth muscle (SM) cells in the bladder of obstructed rabbits, was followed by changes in the expression of cytoskeleton and cytocontractile proteins such as SM alpha-actin and SM myosin (12) . Recent studies suggest that the mechanical stretch due to obstruction is responsible for stimulating the expression of growth factors and other specific proteins through the activation of stretch-activated ion channels (SACs) and protein kinase (PKC) sarcolemal proteins (13) . The immunohistochemistry analysis, using the cell proliferation marker KI 67, showed that hyperplasia of the epithelium and muscle cells was also responsible for the G2 group increase in bladder weight. This confirms earlier studies where hyperplasia of the extramural conjunctive tissue (14) , epithelium and muscle cells (15, 16) was observed in animals with bladder obstruction.
-Maximum vesical volume (mL), maximum detrusor pressure (cm H 2 O), vesical compliance (mL/cm H 2 O) in rabbits. Mean and standard deviation of cystometric parameters in the beginning (M1) and 4 weeks after surgery (M2) in group G1 (control) and G2 (infravesical obstruction).

G1
A high incidence of positive urine cultures in G2 (93%) after partial obstruction is most likely a combination of overdistesion of the bladder and animal manipulation. In G2 87% of the bladder epithelium had severe inflammatory reaction and 13% presented ulcerations. At M2, the urine culture of G2 revealed a predominance of Escherichia coli (data not shown). This corroborates with earlier data which demonstrated that the integrity of the urothelium is compromised after the bladder is stretched (17, 18) , thus making it easier for bacterial colonization. 
B A
In the cystometric study, no significant difference was observed in maximum vesical volume (Volmax) at the different moments for G1. However, G2 had significantly (p < 0.05) increased Volmax at M2 when compared to M1. In other partial obstruction models, using silk ligature (19, 20) and silicon sleeve (21) vesical capacity was also significantly increased.
There was no statistical difference in maximum detrusor pressure between groups at M1 and M2. These findings disagree with (16, 22) , where an increase in detrusor pressure was observed, following BOO.
These discrepancies in the results are expected due to the different methodology used to cause BOO, the timing of the cystometric study (6) and individual differences (4) . Recent experiments showed that despite detrusor hypertrophy, some bladders with BOO work normally while others are unable to empty properly (23) . This was associated with over expression of nonmuscular caldesmon (l-CaD), a protein capable of inhibiting actin-activated myosin ATPase, compromising the detrusor contractions. The quantification of lCaD in further BOO studies could be useful for separating the different degrees of detrusor dysfunction. 
A B
Lost of vesical compliance is associated with lost of elasticity due to increase in conjunctive tissue deposition in different layers of the bladder. Cystometric studies showed no difference in vesical compliance between groups. This is supported by histological data where mild to moderate fibrosis of the mucosa and adventitial layers were predominant and interstitial muscle fibrosis was absent in 80% of the G2 group; thus, not yet compromising vesical compliance. However, other studies showed higher incidence of mucosal (16) , adventitial (15) and interstitial muscle (24) fibrosis, suggesting that the G2 group could develop loss in vesical compliance if PBOO had persisted for longer.
Detrusor instability was persistent in G2 at M2 while there was an absence of contraction in the control group. This demonstrates that the experimental model employed is adequate for studying vesical instability. This is extremely important for it will enable further studies on the role of muscarine receptors subtypes (25, 26) , adrenoreceptors subtypes (27, 28) , and myosin isoform (29) expression, which have been described as being important in the control of contractility of the detrusor muscle.
CONCLUSION
The described experimental PBOO model in rabbits induced detrusor instability and histological alteration, similar to changes caused by obstructive pathologies, and therefore is a useful tool for further physiological and pharmacological research. 
